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SPECIFICATION 



1. Title of the Invention 

Substrate for Liquid Crystal Display Cell 



2. Claims 

1) A substrate for a liquid crystal display cell wherein a transparent conductive film is 
formed on one side of a fluororesin film (or sheet) having optical transparency. 

2) The substrate for a liquid crystal display cell according to Claim 1, wherein a sputter- 
etched layer is provided on the other side. 
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3) The substrate for a liquid crystal display cell according to Claim 1, wherein a 
polarization plate is provided on the other side. 

4) The substrate for a liquid crystal display cell according to Claim 2, wherein a 
polarization plate is provided on the side having the sputter-etched layer. 

3. Detailed Description of the Invention 

The present invention relates to a substrate for manufacturing the liquid crystal display 
cell of a liquid crystal display apparatus. 

In recent years, there has been a continuing demand to reduce the size and weight of 
desktop electronic calculators, electronic clocks, measuring devices, and other products. 

Besides external methods directed at reducing the size and weight of these products, such 
as reducing the weight of the exterior case, there are also methods in which internal components 
such as displays are made smaller and lighter. 

However, the above-mentioned requirements cannot be met because transparent 
conductors for liquid crystal display cells in display apparatuses are obtained by forming a 
transparent electroconductive film on the surface of a glass plate. A glass plate cannot be made 
thinner because of its mechanical strength and manufacturing limitations, and even if it could be 
made thinner, its susceptibility to shock would make it easily breakable or lead to other 
problems. 

On the other hand, to form a transparent electroconductive film, the substrate that forms 
the carrier must have no optical rotation properties and possess optical transparency, heat 
resistance, chemical resistance, moisture impermeability, and other characteristics, but plastic 
substrates that meet these requirements have not yet been developed, arid adequate substrates for 
transparent electroconductive films have not yet been obtained. 

As a result of diligent research conducted in view of the prior art, the inventors perfected 
the present invention upon discovering that using a fluororesin film having optical transparency 
as a substrate and forming a transparent electroconductive film thereon yields a product that can 
be used as a substrate for a liquid crystal display cell. 

That is, the present invention provides a substrate for a liquid crystal display cell wherein 
a transparent electroconductive film is formed on one side of a fluororesin film (or sheet) having 
optical transparency. 
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According to the present invention, electroconductive films are arranged opposite each 
other, and a liquid crystal component is sealed between the electroconductive films, so that a 
light liquid crystal display cell with low volume is obtained. 

The optically transparent fluororesin film used in working the present invention has no 
optical rotation properties and possesses heat resistance, chemical resistance, and low moisture 
permeability. Examples include copolymers of tetrafluoroethylene and hexafluoropropylene, 
copolymers of tetrafluoroethylene and ethylene, polytrifluorochloroethylene, polyvinylidene 
fluoride, and copolymers of tetrafluoroethylene and perfluoroalkyl vinyl ether. 

Examples of the transparent electroconductive film which is formed on the surface of the 
above-mentioned fluororesin film include indium and tin metal oxides, antimony and tin metal 
oxides, cadmium and tin metal oxides, and the like, but the combination of indium and tin is 
preferable. 

The transparent electroconductive film is formed on the surface of the fluororesin film at 
low temperature. 

The preferred methods of formation are as follows: 

In the first method, indium metal and tin metal are used as evaporation sources, and 
reactive vapor deposition is performed in a suitable oxygen atmosphere. 

In another method, oxides of indium metal and tin metal are used as evaporation sources, 
and the lower oxide film obtained through vapor deposition by heating with an electron gun or 
other means is subjected to a thermal oxidation treatment or other oxidation treatment. 

Planar magnetron sputtering, high frequency ion plating, and other vapor deposition 
techniques may also be used at low temperatures. 

It is preferable that the thickness of the transparent electroconductive film be between 60 
and 2000 A, but the film may also be made thicker or thinner. 

The substrate for a liquid crystal display according to the present invention is made as 
described above by forming a transparent electroconductive film on one surface of a fluororesin 
film, and it is preferable to form a sputter-etched layer on the other surface of the film. In any 
case, in a liquid crystal display cell mounted in a liquid crystal display apparatus, components 
such as polarization plates, reflecting plates, diffusing plates, and reinforcing plates are 
combined and placed on one or both of the top and bottom surfaces as required. These can be 
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bonded directly to the cell surface, and the sputter-etched layer has the function of enhancing the 
adhesive property of the cell surface. 

The sputter etching treatment is performed by creating a high-frequency or direct-current 
discharge in an atmosphere of approximately 0.0005 to 0.5 torr, ionizing a portion of the gas in 
the atmosphere, and causing the ionized atoms to collide with the surface of the resin film. It is 
also possible to form a transparent electroconductive film on the other side of the fluororesin 
film in which one of the surfaces has been sputter-etched in advance. 

In the substrate for the liquid crystal display cell according to the present invention, 
forming a polarization plate on the surface devoid of a transparent electroconductive film is 
preferred from the standpoint of improving the ease of mounting, reducing the time involved in 
cutting, and the like. 

The polarization plate consists of a polarizer and at least one layer of base material 
formed on one or both sides of the polarizer. This layer is usually called the surface protection 
layer. 

The polarizer gives light polarization capability to the completed polarization plate. 
Typical examples include films obtained by causing a polyvinyl alcohol film, partially 
formalized polyvinyl alcohol film, saponified ethylene-vinyl acetate copolymer film, cellulose 
film, or other such hydrophilic macromolecular film to adsorb iodine and/or dichroic dye and to 
become oriented. These films form the largest portion of substances used. It is also possible, for 
example, to use a polyvinyl chloride alcohol film that has been dehydrated to form a polyene. 

Because these polarizers are usually formed with a thickness of 5 to 50 |i, they lack self- 
supporting capability and their surface hardness is low; therefore, a substantially unoriented 
surface protection layer having excellent optical transparency is formed on at least one side of 
the polarizer. 

The protective layer can be formed on the polarizer surface by making a polymer film in 
advance and using an adhesive, fusion, melting, or another bonding means to form a film on the 
polarizer surface, or by applying an applicable and curable resin to the polarizer surface and 
using heat curing, ultraviolet radiation, or electron radiation curing to make a resin layer. 

Cellulose films such as those composed of cellulose diacetate or cellulose triacetate are 
typical examples of films used for the protective layer formed on the polarizer surface by 



JP 57 -88430 A 



Page 4 



adhesion methods, but polyacrylic film, polycarbonate film, polyester film, polyether sulfone 
film, polysulfone film, polyimide film, and the like may also be used. 

Polyurethane resins, acrylic polymer resins, and the like may be used to form a resin 

layer. 

When forming the polarization plate on the aforementioned substrate, performing the 
sputter etching treatment described above is preferred, as both types of adhesion produce greater 
hardness, and delamination or the like does not occur. 

The liquid crystal display cell obtained using the liquid crystal display cell substrate of 
the present invention is characterized in that that the cell itself does not undergo chemical 
changes under the influence of the liquid crystal component because the substrate is made with 
fluororesin resin, that the liquid crystal composition is not contaminated by moisture because the 
moisture permeability of the film is extremely low, that the entire cell can be made with low 
volume and light weight to allow the liquid crystal display to be miniaturized because the cell is 
made of a flexible film, and the like. Additionally, when the above-mentioned substrate is 
combined with the polarization plate, advantages in terms of operating steps, such as easier 
mounting and a reduced cutting time, can be obtained. 

The following is a description of the working examples of the present invention. The 
"parts" indicated in the text are given by weight. 

Working Example 1 

A tetrafluoroethylene-ethylene copolymer resin film with a thickness of 25 jam was fixed 
to one electrode of a two-electrode high-frequency sputtering apparatus, and the apparatus was 
filled with argon gas and maintained at 5 x 10" 3 torr. 

A sputter etching treatment was then performed for 10 seconds by applying a 13.56 MHz 
high-frequency voltage and adjusting the discharge power to 0.5 W/cm 2 . 

A transparent electroconductive film was subsequently formed on the untreated side of 
the above-mentioned film in the following manner. 
[Method of Forming the Transparent Electroconductive Film] 

After evacuating a bell jar to 1 xlO' 5 mm Hg, a mixed gas of 20% oxygen by volume and 
80% argon by volume was humidified to approximately 95% R.H. and introduced through a 
water tank. The degree of vacuum was set to 2 x 10~ 2 mm Hg. 
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0.02 g of an evaporation source composed of indium metal and tin metal (tin metal 
content: 10 % by weight) on a tungsten board was vacuum deposited by resistance heating 
(thickness: 300 A) at a deposition rate of 6 A/sec on the film that was set at a distance of 9 cm 
from the evaporation source. 

The coated film was subjected to oxidation heat treatment at 150°C for 20 minutes, and a 
substrate for a liquid crystal display cell having a transparent electroconductive film with a sheet 
resistance 3 kQ/square and a visible transmittance of 96% was obtained. 

Working Example 2 

A substrate for a liquid crystal display cell having a transparent electroconductive film 
with a sheet resistance of 650 ^square and a visible transmittance of 92% was obtained by the 
same operations as described in Working Example 1, except that a tetrafluoroethylene- 
hexafluoropropylene copolymer resin film with a thickness of 100 jam was used as the 
fluororesin film of Working Example 1, and the transparent electroconductive film was formed 
by the method described below. 

[Method of Forming the Transparent Electroconductive Film] 

A mixture of 95 parts indium oxide (In 2 03) and 5 parts tin oxide (Sn0 3 ) was used as the 
evaporation source, and the material was vapor deposited (thickness: 600 A) on the untreated 
surface of the above-mentioned film by electron beam heating in an oxygen atmosphere at a 
pressure of 1 x 10* 3 torr and a deposition rate of 6 A/sec. 

The coated film was subjected to oxidation heat treatment at 150°C for 1 hour. 

Working Example 3 

A substrate for a liquid crystal display cell having a transparent electroconductive film 
with a sheet resistance of 70 Q/square and a visible transmittance of 95% was obtained by the 
same operations as described in Working Example 1, except that a trifluorochloroethylene film 
with a thickness of 100 |im was used as the fluororesin film of Working Example 1, and the 
transparent electroconductive film was formed by the method described below. 
[Method of Forming the Transparent Electroconductive Film] 

A transparent electroconductive film with a thickness of 1400 A was formed by sputter 
deposition on the untreated surface of the above-mentioned film by DC planar magnetron 
sputtering, using a target composed of indium metal and tin metal (tin content: 10 % by weight), 
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in a mixed gas atmosphere (oxygen/argon = 2:8 by volume) at a pressure of 3 x 10" torr and a 
deposition rate of 8 A/sec. 

Working Example 4 

A substrate for a liquid crystal display cell having a sheet resistance of 350 fl/square and 
a visible transmittance of 96% was obtained by performing a sputter etching treatment on one 
side of a polyvinylidene fluoride film with a thickness of 13 jam by the same operations as 
described in Working Example 1, and forming a transparent electroconductive film with a 
thickness of 300 A on the untreated surface by the same operations as described in Working 
Example 3. 

Working Example 5 

A polyvinyl alcohol film was immersed in a water bath having an iodine concentration of 
1 % by weight, a potassium iodide concentration of 2 % by weight, and a boric acid 
concentration of 4 % by weight, stretched uniformly to 3 to 3.5 times its length at 50°C, rinsed in 
water, and air dried to obtain a polarizer with a polarization rate of 91% and a thickness of 25 |a. 

Then a polarization plate was obtained by repeated application and drying of an acrylic 
polymer resin liquid (viscosity: 9.5 poise) with the below-described composition on both 
surfaces of the polarizer so that the thickness of each side after drying was 42.5 |am. 

[Acrylic Copolymer Composition] 



Methyl methacrylate 80 parts 

Acrylamide 1 0 parts 

Vinyl acetate 5 parts 

Butyl acrylate 5 parts 

Benzoyl peroxide 0.3 parts 

Toluene 100 parts 
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[Acrylic Polymer Resin Composition] 

Aforementioned polymer solution 
Modified tolylene diisocyanate 
Toluene 

The polarization plate was then bonded to the substrates for a liquid crystal display cell 
obtained in Working Examples 1 through 4 on the side having the sputter-etched layer, by means 
of an acrylic pressure-sensitive adhesive based on a butyl acrylate-acrylic acid copolymer, and a 
substrate for a liquid crystal display cell with a polarization plate was obtained. 

The adhesive force of the polarization plate and the substrate was 350 g/cm or greater 
(180 degree pull off, withdrawal rate 200 mm/min, conditions 20°C x 65% R.H.). 

Applicant: Nitto Electric Industrial Co., Ltd. 
Agent: Saburo Hijikata 
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